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(54) Proton exchange membrane fuel cell with variable porosity gas distribution layers 



(57) A proton exchange membrane fuel ceil com- 
prising a proton transmissive membrane, a catalytic an- 
ode layer on one face of the membrane, a catalytic cath- 
ode layer on the other face of the membrane, and a gas 
distribution layer on each of the cathode and anode lay- 
ers defining a gas flow field extending over each of the 
catalytic layers. Each of the gas distribution layers com* 
prises a layer of open cell conductive foam material (78) 
which is divided into a plurality of generally parallel seg- 
ments extending from one edge of the fuel cell to an op- 
posite edge of the fuel cell whereby to define a plurality 
of generally parallel porous reactant paths extending 
across each catalytic layer. The segments may be de- 
fined by selectively varying the porosity of the foam ma- 
terial or selectively vary i ng the thickness of th e foam ma- 
terial. Reactant gases are delivered to the foam gas dis- 
tribution layers via a manifold structure (80,82) in which 
the reactant gases are moved upwardly along an edge 
of the fuel ceil stack In parallel paths and selectively dis- 
tributed within the stack at the desired cathode or anode 
levels by selective baffling and partitioning structures. A 
coolant layer (88) may also be provided utilizing the 
same segmented foam construction utilized in the an- 
ode and cathode layers. The resultant fuel cell is lighter, 
smaller, and less expensive than prior art cells having 
comparable per surface area unit electrical energy out- 
put. 
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Description 

Field of the Invention 

[0001] This invention relates to a fuel cell system and 
nnore particularly to a system having a plurality of cells 
which consume an H2-rich gas to produce power 

Background of the Invention 

[0002] Fuel cells have been used as a power source 
in many applications. For example, fuel cells have been 
proposed for use in electrical vehicular power plants to 
replace internal combustion engines. In proton ex- 
change membrane (PEM) type fuel cells, hydrogen is 
supplied to the anode of the fuel cell and oxygen is sup- 
plied as the oxidant to the cathode. PEM fuel celts in- 
clude a membrane electrode assembly (MEA) compris- 
ing a thin, proton transmissive, non-el ectrically conduc- 
tive solid polymer electrolyte membrane having the an- 
ode catalyst on one of its faces and the cathode catalyst 
on the opposite face. The MEA is sandwiched between 
a pair of electrically conductive elements which (1) serve 
as current collectors for the anode and cathode, and (2) 
contain appropriate channels and/or openings therein 
for distributing the fuel cell's gaseous reactants over the 
surfaces of the respective anode and cathode catalysts. 
The tema fuel cell is typically used to refer to either a 
single cell or a plurality of cells (stack) depending on the 
context. A plurality of individual cells are commonly bun- 
dled together to form a fuel ceil stack and are commonly 
arranged in series. Each cell within the stack comprises 
the membrane electrode assembly (MEA) described 
earlier, and each such MEA provides its increment of 
voltage. A group of adjacent cells within the stack is re- 
ferred to as a cluster. Typical arrangements of multiple 
cells in a stack are described in U.S. Patent No. 
5,763,113, assigned to General Motors Corporation. 
[0003] In PEM fuel cells, hydrogen (H2) is the anode 
reactant (I.e., fuel) and oxygen is the cathode reactant 
(i.e., oxidant). The oxygen can be either a pure fomri 
(O2), or air (a mixture of O2 and N2). The solid polymer 
electrolytes are typically made from ion exchange resins 
such as perfiuoronated sulfonic acid. The anode/cath- 
ode typically comprises finely divided catalytic particles, 
which are often supported on carbon particles, and 
mixed with a proton conductive resin. The catalytic par- 
ticles are typically costly precious metal particles. These 
membrane electrode assemblies are relatively expen- 
sive to manufacture and require certain conditions, in- 
cluding proper water management and humidification, 
and control of catalyst fouling constituents such as car- 
bon monoxide (CO), for effective operation. 
[0004] For vehicular applications, it is desirable to use 
a liquid fuel such as an alcohol (e.g., methanol or etha- 
noi), or hydrocartons (e.g., gasoline) as the source of 
hydrogen for the fuel cell. Such liquid fuels for the vehi- 
cle are easy to store onboard and there is a nationwide 
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infrastructure for supplying liquid fuels. However, such 
fuels must be dissociated to release the hydrogen con- 
tent thereof for fueling the fuel cell. The dissociation re- 
action is accomplished within a chemical fuel processor 

5 or reformer. The fuel processor contains one or more 
reactors wherein the fuel reacts with steam and some- 
times air, to yield a refomiate gas comprising primarily 
hydrogen and carbon dioxide. For example, in the steam 
methanol reformation process, methanol and water (as 

10 steam) are ideally reacted to generate hydrogen and 
carbon dioxide. In reality, carbon monoxide and water 
are also produced. In a gasoline reformation process, 
steam, air and gasoline are reacted in a fuel processor 
which contains two sections. One is primarily a partial 

15 oxidation reactor (POX) and the other is primarily a 
steam refonner (SR). The fuel processor produces hy- 
drogen, carbon dioxide, carbon monoxide and water. 
Downstream reactors may include a water/gas shift 
(WGS) and preferential oxidizer (PROX) reactors. In the 

20 PROX, carbon dioxide (COg) is produced from carbon 
monoxide (CO) using oxygen from air as an oxidant. 
Here, control of air feed is Important to selectively oxi- 
dize CO to CO2. 

[0005] Fuel cell systems which process a hydrocar- 
25 bon fuel to produce a hydrogen-rich reformate for con- 
sumption by PEM fuel cells are known and are de- 
scribed in co-pending United States Patent Application 
Serial Nos. 08/975,422 and 03/980,087, filed in Novem- 
ber, 1997, and U.S. Serial No. 09/187,125. filed in No- 
30 vember, 1998, and each assigned to General Motors 
Corporation, assignee of the present invention; and in 
international Application Publication Number WO 
98/08771 , published March 5, 1998. A typical PEM fuel 
ceil and its membrane electrode assembly (MEA) are 
35 described in United States Patent Nos. 5,272,017 and 
5,31 6,871 , issued respectively December 21 . 1993 and 
May 31 , 1994, and assigned to General Motors Corpo- 
ration. 

[0006] The electrically conductive elements sand- 

40 wiching the MEAs may contain an an'ay of grooves in 
the faces thereof for distributing the fuel cell's gaseous 
reactants (i.e., hydrogen and oxygen in the fonn of air) 
over the surfaces of the respective cathode and anode. 
In the fuel cell stack, a plurality of ceils are stacked to- 

45 gether in electrical series while being separated one 
from the next by a gas impermeable, electrically con- 
ductive bipolar plate. Heretofore, the bipolar plate has 
served several functions including (1) as an electrically 
conductive gas separator element between two adja- 

50 cent cells; (2) to distribute reactant gases across sub- 
stantially the entire surface of the membrane; (3) to con- 
duct electrical current between the anode of one cell and 
the cathode of the next adjacent cell in the stack; (4) to 
keep the reactant gases separated in order to prevent 

55 auto ignition; (5) to provide a support for the proton ex- 
change membrane; and (6) in most cases to provide in- 
ternal cooling passages therein defined by intemal heat 
exchange faces and through which a coolant flows to 
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remove heat from the stack. The bipolar plate also ac- 
commodates the gas pressure loads associated with the 
reforming process as well as the compression loads on 
the plates. For example, the plate Includes a plurality of 
channels on one side and a plurality of channels on the 
other side with the channels on an Individual side being 
separated by lands. The arrangement of the lands and 
the channels on both sides has to be such that the bi- 
polar plate can withstand the compression loads so that 
the lands and the channels are arranged so that they do 
not collapse or warp the bipolar plate. The bipolar plate 
includes serpentine channels to deliver the hydrogen 
and oxygen to a proton exchange membrane assembly 
overlying the bipolar plates. A piece of graphite paper is 
placed over the serpentine channels to prevent the 
membrane from collapsing down into the channel and 
blocking the flow of gas and to provide an electrical con- 
duction path to the bipolar plate from the area of the 
membrane which overlays the channel. 
[0007] The bipolar plates may be made from metal but 
the plates can also be manufactured from other materi- 
als. For example, bipolar plates are often fabricated 
from graphite which is lightweight (compared to tradi- 
tional metal plates), corrosion resistant and electrically 
conductive in the REM fuel cell environment. However, 
graphite is quite brittle which makes it difficult to handle 
mechanically and has a relatively low electrical and ther- 
mal conductivity compared to metals. Finally, graphite 
is quite porous making it virtually impossible to make 
very thin gas impervious plates which is desired for low 
weight, low volume, low internal resistant fuel cell 
stacks. 

[OOOBJ Neutzler, U.S. Patent No. 5,776.624. discloses 
a metal bipolar plate and PEM assembly of this channel 
type. These prior art bipolar plates and PEM assemblies 
are heavy, bulky, difficult to produce and assemble, and 
costly to manufacture. 

[0009] By contrast, efficient operation of a fuel cell 
system depends on the ability of the fuel cell to generate 
a signifteant amount of electrical energy for a given size, 
weight, and cost of the fuel cell. Maximizing the electrical 
energy output of the fuel cell for a given size, weight, 
and cost is especially important in motor vehicle appli- 
cations where size, weight, and cost of all vehicular 
components are especially critical to the efficient man- 
ufacture and operation of the vehicle. Therefore it is de- 
sirable, especially for motor vehicle applications, to pro- 
vide a fuel cell construction which will generate an in- 
creased amount of electrical energy for a given size, 
weight, and cost of the fuel cell. 

Summary of the Invention 

[0010] The invention relates to a proton exchange 
membrane fuel cell comprising a proton transmissive 
membrane, a catalytic anode layer on one face of the 
membrane, a catalytic cathode layer on the other face 
of the membrane, and a gas distribution layer on each 
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of the cathode and anode layers defining a gas flow field 
extending over each of the catalytic members with the 
membrane catalytic layers and distribution layers form- 
ing a sandwich constmction having first and second op- 

5 posite edges. 

[0011] According to the invention, each of the gas dis- 
tribution layers comprises a conductive porous media 
divided into a plurality of generally parallel segments 
each extending from the first edge to the second edge 

10 of the sandwich construction whereby to define a plural- 
ity of generally parallel porous reactant paths extending 
across each catalytic layer. This an^angement ensures 
that little or no cross migration occurs between the par- 
allel segments whereby to ensure an essentially uniform 

15 distribution of the gases across the surface of the cata- 
lytic layers. 

[001 2] According to a further feature of the invention, 
the porous media comprises a foam media. The use of 
a foam media further contributes to the inexpensive 

20 lightweight aspects of the invention arrangement. In the 
disclosed embodiment of the invention, the foam media 
comprises an open cell foam media. 
[0013] According to a further feature of the invention, 
each gas distribution layer comprises a sheet of the po- 

25 reus media and the segments of each distribution layer 
are defined by spatially varying the resistance to gase- 
ous flow offered by the respective sheet. This arrange- 
ment provides a simple and inexpensive means of pro- 
viding the individual parallel segments of the porous me- 

30 dia. In one embodiment of the invention, the resistance 
to flow Is spatially varied by spatially varying the porosity 
of the respective'sheet; in another embodiment, the re- 
sistance to flow is spatially varied by spatially varying 
the thickness of the respective sheet; and in a further 

35 embodiment, the resistance to flow is spatially varied by 
spatially varying the thtekness and the porosity of the 
respective sheet. 

[001 4] According to a further feature of the invention, 
the foam media comprises either a conductive graphite 

40 foam media or a conductive metallic foam media. The 
use of these relatively inexpensive conductive foam me- 
dlas further contributes to the reduction in cost of the 
fuel cell without any sacrifice in perfomiance. 
[0015] According to a further feature of the invention, 

45 applicable to a fuel cell stack Including a plurality of 
stacked fuel cells, the fuel cell stack further includes a 
manifold structure including a manifold strip positioned 
along each of the inlet and outlet edges of the porous 
sheets of each fuel cell and operative to deliver a reac- 

50 tant gas to an inlet end of each segment of each sheet 
of each fuel cell and to receive a reactant gas from an 
outlet end of each segment of each sheet of each fuel 
cell. This manifolding arrangement contributes to the ef- 
ficient operation of the segmented gas distribution lay- 

55 ers without adding significantly to the weight, cost, or 
size of the fuel cell arrangement. 
[0016] According to a further feature of the invention, 
the manifold structure includes an inlet manifold strip po- 
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sitloned along the inlet ends of the segments of each 
sheet of each fuel cell and an outlet manifold strip posi- 
tioned along the outlet ends of the segments of each 
sheet of each fuel cell; each inlet manifold strip Includes 
an outboard edge and inboard edge positioned proxi- s 
mate the inlet ends of the respective segments; an out- 
board portion of each Inlet strip proximate the outboard 
edge thereof defines a plurality of serially arranged ver- 
tical Inlet passages for delivery of respective fluids, in- 
cluding reactant gases, to the respective segments; an 10 
inboard portion of each inlet strip proximate the Inboard 
edge thereof defines a horizontal passage communicat- 
ing with the inlet ends of the segments of the respective 
sheet; certain of the inlet strips include passage means 
between one of the vertical Inlet passages and the hor- is 
izontal passage while blocking communication between 
the remaining vertical inlet passages and the horizontal 
passage, whereby to deliver a first reactant gas to the 
inlet ends of the segments of the respective sheet 
through the one inlet passage and the horizontal pas- 20 
sage; and certain other of the inlet strips Include pas- 
sage means between another of the vertical Inlet pas- 
sages and the horizontal passage while blocking com- 
munication between the remaining vertical inlet passag- 
es and the horizontal passage, whereby to deliver a sec- 2s 
ond reactant gas to the inlet ends of the segments of the 
respective sheet through the other inlet passage and the 
horizontal passage. This specific manifolding arrange- 
ment allows the various reactant gases to be selectively 
and efficiently delivered to the various layers of the fuel 30 
cell stack and selectively and efficiently removed from 
the fuel cell stack. 

[0017] According to a further feature of the invention, 
the fuel cell stack further includes coolant layers be- 
tween at least certain of the fuel cells; an inlet manifold 35 
strip is positioned along an inlet edge of each coolant 
layer and an outlet manifold strip is positioned along an 
outlet edge of each coolant layer; and the inlet manifold 
strip positioned along the inlet edge of each coolant lay- 
er Includes passage means between a further vertical 40 
inlet passage and the horizontal passage while blocking 
communication between the remaining inlet passages 
and the horizontal passage, whereby to deliver a cooling 
fluid to the coolant layer through the further inlet pas- 
sage and the horizontal passage. This specific manifold- ^ 
ing an-angement further allows a coolant fluid to be se- 
lectively delivered to and removed from the coolant lay- 
ers Interspersed between the fuel cell. 

Brief Description of the Drawings so 

[0018] The various features, advantages and other 
uses of the present invention will become more appar- 
ent by referring to the following description and drawings 
in which: ss 

Figure 1 is a schematic view of a fuel cell system 
incorporating a fuel cell according to the invention; 
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Figure 2 is a schematic view of the fuel cell shown 
in Figure 1 connected in a pbtorial representation 
of a motor vehicle application; 

Figure 3 is a schematic perspective view of a fuel 
cell stack according to the invention; 

Figure 4 is a cross-sectional view taken on line 4-4 
of Figures; 

Figure 5 is a cross-sectional view of an MEA uti- 
lized in the fuel cell; 

Figure 6 is an exploded view of the fuel cell; 

Figure 7 is a perspective view of a gas distribution 
layer utilized in the fuel cell; 

Figure 8 is a cross-sectional view taken on line 8-8 
of Figure 7; 

Figure 9 illustrates a methodology for fomning the 
gas distribution layer of Figure 7; 

Figures 10 and 11 illustrate alternate forms of the 
gas distribution layer; 

Figure 12 is a perspective view showing the gas 
distribution layer in combination with a manifold 
frame; 

Figures 13, 14, and 15 are fragmentary perspec- 
tive views of manifolds utilized in the fuel cell; 

Figure 16 is a cross-sectional view showing an al- 
ternate form of gas distribution layer with built-in 
cooling; 

Figure 17 is a fragmentary cross-sectional view 
showing the interface of the gas distribution layer 
with the MEA and with a separator plate utilized in 
the fuel cell stack; and 

Figure 18 is a cross-sectional view taken on line 
18-18 of Figure 13. 

Detailed Description of the Preferred Embodiments 

[0019] The invention may be further understood with 
reference to the fuel cell system shown in Figure 1 by 
example only. Therefore, before further describing the 
invention, it is useful to understand the system within 
which the improved fuel cell of the invention operates. 
[0020] Figure 1 Illustrates an example of a fuel cell 
system. The system may be used in a vehicle (not 
shown) as an energy source for vehicle propulsion. In 
the system, a hydrocariaon is processed in a fuel proc- 
essor, for example, by refonmatlon and preferential oxi- 
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dation processes, to produce a reformate gas which has 
a relatively high hydrogen content on a volume or molar 
basis. Therefore, reference Is made to hydrogen-rich or 
relatively high hydrogen content. 
[0021] The invention is hereafter described in the con- 
text of a fuel cell fueled by an H2-rich refomiate regard- 
less of the method by which such refomiate Is made. It 
is to be understood that the principles embodied herein 
are applicable to fuel cells fueled by H2 obtained from 
any source, including reformable hydrocarbon and hy- 
drogen-containing fuels such as methanol, ethanol, 
gasoline, alkene, or other aliphatic or aromatic hydro- 
carbons. 

[0022] As shown in Figure 1 , a fuel cell apparatus in- 
cludes a fuel processor 2 for catalytically reacting a re- 
formable hydrocarbon fuel stream 6. and water in the 
fomi of steam from a water stream 8. In some fuel proc- 
essors, air is also used in a combination preferential ox- 
idation/steam reforming reaction. In this case, fuel proc- 
essor 2 also receives an air stream 9. The fuel processor 
contains one or more reactors 12 wherein the reforma- 
ble hydrocarbon fuel in stream 6 undergoes dissociation 
in the presence of water/steam 8 and sometimes air (in 
stream 9) to produce the hydrogen-rich refonnate. Fur- 
ther, each reactor 1 2 may comprise one or more reactor 
beds. Reactor 12 may have one or more sections or 
beds, and a variety of designs are known and usable. 
Therefore, the selection and arrangement of reactors 1 2 
may vary; and exemplary fuel refonnation reactor(s) 14 
and downstream reactor(s) 16 are described immedi- 
ately below. 

[0023] By way of example, in an exemplary steam/ 
methanol refomriation process, methanol and water (as 
steam) are ideally reacted in a reactor 14 to generate 
hydrogen and carbon dioxide as described eariier In the 
background. In reality, cari^on monoxide and water are 
also produced. By way of further example, in an exem- 
plary gasoline reformation process, steam, air and 
gasoline are reacted in a fuel processor which compris- 
es a reactor 14 which has two sections. One section of 
the reactor 14 is primarily a partial oxidation reactor 
(POX) and the other section of the reactor Is primarily a 
steam reformer (SR). As in the case of methanol refor- 
mation, gasoline refonnation produces the desired hy- 
drogen but, In addition, produces carbon dioxide, water 
and cari3on monoxide. Therefore, after each type of ref- 
onnation, it is desirable to reduce the cariaon monoxide 
content of the product stream. 
[0024] Accordingly, the fuel processor typically also 
includes one or more downstream reactors 16, such as 
water/gas shift (WGS) and preferential oxidizer (PROX) 
reactors which are used to produce carbon dioxide from 
carbon monoxide, as described earlier in the back- 
ground. Preferably, the initial refomnate output gas 
stream which comprises hydrogen, carbon dioxide, car- 
bon monoxide and water is further treated in a prefer- 
ential oxidation (PROX) reactor 16 to reduce the CO- 
levels therein to acceptable levels, for example, below 



20 ppm. Then, during mnning mode, the H2 rich refor- 
mate 20 Is fed through valve 31 into the anode chamber 
of a fuel cell stack 22. At the same time, oxygen (e.g., 
air) from an oxidant stream 24 is fed into the cathode 
5 chamber of the fuel cell 22. The hydrogen from the refor- 
mate stream 20 and the oxygen from the oxidant stream 
24 react in the fuel cell 22 to produce electricity. 
[0025] Exhaust or effluent 26 from the anode side of 
the fuel cell 22 contains some unreacted hydrogen. The 
10 exhaust or effluent 28 from the cathode side of the fuel 
cell 22 contains some unreacted oxygen. Air for the ox- 
idant stream 24 is provided by an air supply, preferably 
compressor 30. Air from the air supply (compressor 30) 
Is directed to the fuel cell 22 by a valve 32 under normal 
operating conditions. During start-up, however, the 
valve 32 is actuated to provide air directly to the input 
of a combustor 34. The air is used In combustor 34 to 
react with a fuel supplied through line 46. The heat of 
combustion is used to heat various parts of the fuel proc- 
essor 2. 

[0026] It should be noted that some of the reactions 
which occur in fuel processor 2 are endothermic and so 
require heat; other reactions are exothennic and require 
removal of heat. Typically, the PROX reactor 1 6 requires 
removal of heat. One or more of the refonnation reac- 
tions In reactor 14 are typically endothermic and require 
heat be added. This is typically accomplished by pre- 
heating reactants, fuel 6, steam 8, and air 9 and/or by 
heating selected reactors. 

[0027] Heat from the combustor 34 heats selected re- 
actors and reactor beds In the fuel processor 2 during 
start-up. The combustor 34 achieves heating of the se- 
lected reactors and beds in the fuel processor, as nec- 
essary, by indirect heat transfer thereto. Typically, such 
indirectly heated reactors comprise a reaction chamber 
with an inlet and an outlet. Within the reaction chamber, 
the beds are in the fomn of carrier member substrates 
each having a first surface carrying catalytically active 
material for accomplishing the desired chemical reac- 
tions. A second surface opposite the first surface is for 
heat transfer from hot gases to the canier member sub- 
strates. In addition, the combustor 34 is usable to pre- 
heat the fuel 6, water 8 and air 9 being supplied as re- 
actants to the fuel processor 2. 
[0028] It should be noted that the air 9 supplied to the 
fuel processor 2 may be used in one or more of the re- 
actors 1 2. If reactor 14 is a gasoline refonnation reactor, 
then air from line 9 is supplied to reactor 14. The PROX 
reactor 1 6 also utilizes air to oxidize CO to GO2 and also 
receives air from air supply source (compressor 30) via 
line 9. 

[0029] The combustor 34 defines a chamber 41 with 
an inlet end 42, an exhaust end 44 and a catalyst section 
48 between the ends. Hydrocarbon fuel is injected into 
the combustor. The hydrocarbon fuel, if in liquid fonm, Is 
preferably vaporized either before being injected into 
the combustor or In a section of the combustor to dis- 
perse the fuel for combustion. Vaporization may be done 



20 



25 



30 



35 



40 



45 



50 



5 




EP1 184 



by an electric heater. Once the system is operating and 
the combustor has heated up, vaporization may occur 
by heat exchange using heat from the combustor ex- 
haust to vaporize incoming fuel. Preferably, a fuel me- 
tering device 43 is provided to control the rate at which 5 
hydrocarbon fuel is provided to the combustor. 
[0030] The hydrocarbon fuel 46 and the anode efflu- 
ent 26 are reacted in the catalyst section 48 of the com- 
bustor 34, which section Is between the Inlet and ex- 
haust ends 42 and 44, respectively, of the combustor io 
34. Oxygen is provided to the combustor 34 either from 
the air supply (I.e., compressor 30) via valve 32 or from 
a second air flow stream, such as a cathode effluent 
stream 28, depending on system operating conditions. 
A valve 50 permits release of the combustor exhaust 36 is 
to atmosphere when it is not needed to heat reactors In 
the fuel processor 2. 

[0031] As can be seen, the hydrocarbon fuel stream 
46 supplements the anode effluent 26 as fuel for the 
combustor 34, as may be needed, to meet the transient 20 
and steady state needs of the fuel cell apparatus. In 
some situations, exhaust gas passes through a regula- 
tor 38, a shutoff valve 39 and a muffler 48 before being 
released to the atmosphere. In Figure 1, the symbols 
are as follows: V Is valve, MFM Is mass flow meter, T Is 25 
temperature monitor, R is regulator, C is cathode side, 
A is anode side of fuel celt, INJ Is injector, and COMP is 
compressor, 

[0032] The amount of heat demanded by the selected 
reactors within the fuel processor 2, which is to be sup- 30 
plied by the combustor 34, is dependent upon the 
amount of fuel and water input and ultimately the desired 
reaction temperature In the fuel processor 2. As stated 
earlier, sometimes air is also used in the fuel processor 
reactor and must also be considered along with the fuel 35 
and water input. To supply the heat demand of the fuel 
processor2, the combustor 34 utilizes all anode exhaust 
or effluent and potentially some hydrocarbon fuel. En- 
thalpy equations are used to determine the amount of 
cathode exhaust air to be supplied to the combustor 34 40 
to meet the desired temperature requirements of the 
combustor 34 and the combustor 34 ultimately satisfies 
the heat demanded by the fuel processor 2. The oxygen 
or air provided to the combustor 34 includes one or both 
of cathode effluent exhaust 28, which is typically a per- 45 
centage of the total oxygen supplied to the cathode of 
the fuel cell 22, and a compressor output air stream de- 
pending on whetherthe apparatus Is operating In a start- 
up mode wherein the compressor air stream is exclu- 
sively employed, or in a run mode using the cathode ef- so 
fluent 28 and/or compressor air. In the run mode, any 
total air, oxygen or diluent demand required by the com- 
bustor 34, which is not met by the cathode effluent 28, 
is supplied by the compressor 30 in an amount to satisfy 
the temperature and heat demanded by the combustor ss 
34 and the fuel processor 2, respectively. The air control 
is Implemented via an air dilution valve 47 which prefer- 
ably is a stepper motor driven valve having a variable 
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orifice to control the amount of bleed-off of cathode ex- 
haust 28 supplied to the combustor 34. 
[0033] In this exemplary representation of a fuel cell 
apparatus, operation is as follows. At the beginning of 
operations when the fuel cell apparatus Is cold and start- 
ing up: (1) the compressor 30 is driven by an electric 
motor energized from an external source (e.g., a bat- 
tery) to provide the necessary system air; (2) air is In- 
troduced Into the combustor 34; hydrocarbon fuel 46 (e. 
g., MeOH or gasoline) Is injected into the combustor 34; 
(3) the air and fuel react in the combustor 34, where sub- 
stantially complete combustion of the fuel is effected; 
and (4) the hot exhaust gases exiting the combustor 34 
are conveyed to the selected reactors 12 associated 
with the fuel processor 2. 

[0034] Once the reactors in the fuel processor 2 have 
attained adequate temperature, the reformation proc- 
ess begins and the process includes the following: (1) 
valve 32 Is activated to direct air to the cathode side of 
the fuel cell 22; (2) fuel and water are fed to the fuel 
processor 2 to commence the reformation reaction; (3) 
refonnate exiting the fuel processor 2 is fed to the anode 
side of the fuel cell 22; (4) anode effluent 26 from the 
fuel cell 22 Is directed into the combustor 34; (5) cathode 
effluent 28 from the fuel cell 22 Is directed into the com- 
bustor 34; (6) the fuel, air, cathode effluent 28 and anode 
effluent 26 are burned in the combustor 34. In a pre- 
ferred sequence, step (2) is implemented first along with 
the supplying of air directly to the combustor. Then, 
when the hydrogen-rich stream has adequately low CO 
level, steps (1) and (3) are implemented, followed by 
steps (4), (5) and (6). 

[0035] Under certain conditions, the combustor 34 
could operate solely on the anode and cathode efflu- 
ents, without the need for additional hydrocarbon fuel 
46. Under such conditions, fuel injection to the combus- 
tor 34 is discontinued. Under other conditions, e.g., In- 
creasing power demands, supplemental fuel 46 Is pro- 
vided to supplement the Aout (26) to the combustor 34. 
It can be seen that the combustor 34 receives multiple 
fuels, such as a hydrocarbon fuel as well as anode ef- 
fluent 26 from the anode of the fuel cell 22. Oxygen de- 
pleted exhaust air 28 from the cathode of the fuel cell 
22 and air from the compressor 30 are also supplied to 
the combustor 34. 

[0036] According to the present fuel cell system ex- 
ample, a controller 52 shown in Figure 1 controls vari- 
ous aspects of the operation of the system shown In Fig- 
ure 1 . The controller 52 may comprise any suitable mi- 
croprocessor, microcontroller, personal computer, etc., 
which has central processing unit capable of executing 
a control program and data stored In'a memory. The 
controller 52 may be a dedicated controller specific to 
any of the components in Figure 1 , or implemented in 
software stored in the main vehicle electronic control 
module. Further, although software based control pro- 
grams are usable for controlling system components In 
various modes of operation as described above, it will 
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also be understood that the control can also be Imple- 
mented in part or whole by dedicated electronic circuitry. 
[0037] In a preferred embodiment, the fuel cell system 
comprises the fuel cell 22 as part of a vehicle propulsion 
system 60 (see Figure 2). Here, a portion of the system 
60, comprises a battery 62, an electric motor 64, and 
associated drive electronics Including Inverter 65 con- 
structed and an-anged to accept electric energy from a 
DC/DC converter 61 associated with the fuel cell sys- 
tem, and particularly fuel cell 22, and to convert it to me- 
chanical energy produced by motor 64. The battery 62 
is constructed and arranged to accept and store electri- 
cal energy supplied by fuel ceil 22 and to accept and 
store electrical energy supplied by motor 64 during re- 
generative braking, and to provide electric energy to mo- 
tor 64. The motor 64 is coupled to driving axle 66 to ro- 
tate wheels of a vehicle (not shown). An electrochemical 
engine control module (EECM) 70 and a battery pack 
module (BPM) 71 monitor various operating parame- 
ters, including, but not limited to, the voltage and cun-ent 
of the stack. For example, this is done by the battery 
pack module (BPM) 71 , or by the BPM 71 and the EECM 
70 together, to send an output signal (message) to the 
vehicle controller 74 based on conditions monitored by 
the BPM 71 . The vehicle controller 74 controls the elec- 
tric motor 64, the drive electronics including inverter 65, 
the DC/DC converter 61 , and requests a power level 
from the EECM 70. 

[0038] The present invention concerns fuel cell 22 
and particularly the construction of the fuel cell whereby 
the fuel cell may be made lighter, smaller, and less ex- 
pensively without a sacrifice in performance. The inven- 
tion fuel cell is seen schematically and perspectlvely in 
Figure 3 and in schematic cross section in Figure 4. 
Broadly considered, reformate 20 and air 24 are deliv- 
ered to the fuel cell stack In the manner previously de- 
scribed and oxygen depleted air 28 and hydrogen efflu- 
ent 26 are exhausted from the stack. 
[0039] In oven/iew, the stack includes a plurality of 
MEAs 76, a plurality of gas distribution layers 78, a plu- 
rality of anode manifolds 80, a plurality of cathode man- 
ifolds 82, a plurality of cooling manifolds 84, a plurality 
of shims or separator plates 86, a plurality of cooling 
layers 88, upper and lower collector plates 90, upper 
and lower insulator plates 91 » and upper and lower end 
plates 92, all arranged in stacked relation as seen in Fig- 
ure 4. 

[0040] Specifically, an end plate 92 forms the base or 
bottom of the stack; an insulator plate 91 is positioned 
over end plate 92; a collector plate 90 is positioned over 
insulator plate 91 ; a shim 86 Is positioned over collector 
plate 88; a cathode manifold 82 enclosing a gas distri- 
bution layer 78 is positioned over shim 86; an MEA 76 
is positioned over the cathode manifold/gas distribution 
layer; an anode manifold 80 enclosing a gas distribution 
layer 78 Is positioned over the MEA; a shim 86 is posi- 
tioned over the anode manifold; a cooling manifold 84 
enclosing a cooling layer 88 is positioned over the shim 
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86; a further shim 86 Is positioned over the cooling man- 
ifold and the sequence Is repeated to provide as many 
cells as desired with the stack topping out with a top 
collector plate 90, an insulator plate 91 positioned over 

5 the collector 90, and a top end plate 92 positioned over 
the insulator plate 91 . All of the members have a gen- 
erally rectangular configuration and the number of the 
cells in the stack is detemnined by the desired voltage 
output for the fuel cell. 

10 [0041] Each MEA 76 (Figures) includes a membrane 
94 in the fomi of a thin proton transmissive non-electri- 
cally conductive solid polymer electrolyte, a seal or gas- 
ket frame member 96 positioned against the lower face 
of the membrane, a further seal or gasket 96 positioned 

IS against the upper face of the membrane, an anode cat- 
alyst layer 98 on the upper face of the membrane within 
the upper gasket 96, and a cathode catalyst layer on the 
lower face of the membrane within the lower gasket 96. 
A plurality of repeated sets of passages h, I, and j (Flg- 

20 ure 6) are provided along each longitudinal edge of the 
MEA. 

[0042] Each gas distribution layer 78 is formed of a 
sheet of a conductive porous media and specifically of 
a conductive foam media. The preferred foam is open 

25 cell and may comprise either a conductive graphite foam 
media or a conductive metallic foam media. The con- 
ductive graphite foam media may comprise, for exam- 
ple, graph itized pyrolytic graphite and the metal conduc- 
tive foam media may comprise a high grade stainless 

30 steel or a metal alloy with a low contact resistance such 
as Inconel 601 or Stainless Steel 310. 
[0043] Each gas distribution layer or sheet 78 Is divid- 
ed into a plurality of generally parallel segments 78a 
each extending from a first edge 78b of the layer to a 

35 second edge 78c of the layer whereby to define a plu- 
rality of generally parallel porous reactant paths extend- 
ing across each catalytic layer. The segments of each 
distribution layer are defined by spatially varying the re- 
sistance to gaseous flow offered by the respective 

40 sheet. The resistance to flow may be spatially varied by 
spatially varying the porosity of the respective sheet, 
spatially varying the thickness of the respective sheet, 
or spatially varying both the thickness and the porosity 
of the sheet. 

45 [0044] In the preferred construction of the gas distri- 
bution layer seen in Figures 7, 8, and 9, the porosity is 
spatially varied by spatially varying the porosity of the 
sheet and specifically, the sheet is made up in compos- 
ite fonri Including alternate relatively wide strips 78d of 

50 a high porosity foam material alternating with narrow 
strips 78e of a relatively low porosity foam material. The 
gas distribution layers 78 may be fonnulated (as seen 
In Figure 9) by building up a block of alternate high po- 
rosity and low porosity foam layers and then slicing off 

55 sections of the block (as seen in dash lines in Figure 9), 
to fomnthe Individual sheets of the gas distribution layer 
[0045] Alternately, as seen In Figure 10, the spatial 
variance in the resistance to gas flow offered by the 
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sheet may be achieved by spatially varying the thick- 
ness of the respective sheet and, specifically, by provid- 
ing alternating thick sections 178a and thin sections 
1 78b. As afurther alternative, and as seen in Figure 1 1 , 
the spatial variation in the sheet may be provided by 
compressing spaced strips along the sheet to form al- 
ternate thick high porosity uncompressed sections 278a 
and thin compressed low porosity sections 278b. In ei- 
ther the Figure 1 0 or the Figure 1 1 alternative construc- 
tion, epoxy strips or beads 93 may be positioned in the 
grooves between the thick and thin sections of the layer. 
[0046] As a further alternative, the segmented gas 
distributor layer, rather than being constituted by a sin- 
gle segmented foam sheet, may be constituted by a plu- 
rality of individual foam strips or segments arranged in 
serial, side-by-side relation with appropriate delinea- 
tions between the separate strips. 
[0047] Each anode manifold 80 (Figures 6 and 13) Is 
preferably fonned of a molded plastic material and has 
an open frame rectangular configuration. Each manifold 
80 Includes an inlet manifold strip portion 80a, an outlet 
manifold strip portion 80b, and end strip portions 80c 
and 80d. 

[0048] Each inlet manifold strip portion 80a includes 
an outboard edge 80e and an inboard edge 80f, and an 
outboard portion 80g of each inlet strip portion proxi- 
mate the outboard edge thereof defines a plurality of se- 
rially arranged vertical Inlet passages 80h, 80i, and 80j 
for delivery of respective fluids, including reactant gas- 
es, to the respective segments of the gas distribution 
layers. An Inboard portion 80k of each inlet strip proxi- 
mate the inboard edge thereof defines a horizontal pas- 
sage 801 for communication with the inlet ends of the 
segments of the gas distribution layers. Passage 801 is 
in turn divided Into a plurality of horizontal sub-passages 
80m by spaced lands 80n with each sub-passage ar- 
ranged for alignment with and communication with the 
inlet end of a respective segment of a gas distribution 
layer. Communication between vertical inlet passage 
80j and passage 801 Is blocked by a wall 80p, commu- 
nication between the vertical inlet passage 801 and the 
passage 801 is blocked by an Inlet wall 80q, but inlet pas- 
sage 80h is open to horizontal passage 801 so that the 
fluid passing upwardly through passage 80h is free to 
move along horizontal passage 801 and through individ- 
ual sub-passages 80m for coaction with respective seg- 
ments of the gas distribution layer. The subset of vertical 
inlet passages 80h, 801, and 80j coacting with horizontal 
passage 801 is repeated along the length of the inlet 
manifold strip portion with the number of repetitions de- 
pending upon the overall length of the Inlet manifold por- 
tion. 

[0049] The outlet manifold portion 80b is similar in lay- 
out to the inlet portion 80a and specifically includes sub- 
sets of Inlet passages 80h', 801', and 80j', horizontal pas- 
sage 80r, and horizontal sub-passages 80m'. 
[0050] Each cathode manifold 82 is identical to the an- 
ode manifolds 80 with the exception that (as seen In Fig- 



ure 14), communication is established between vertical 
passage 80j/80j' and horizontal passage 801/801* while 
communication is blocked between vertical passage 
80h/80h' and horizontal passage 801/801' and between 
5 vertical passage 80i/80i' and horizontal passage 801/ 
80r. 

[0051] Each cooling manifold 84 is conceptually iden- 
tical to the cathode and anode manifolds 80 and 82 with 
the exception that (as seen in Figure 15) communica- 

10 tion is established between vertical inlet passage 841/ 
84i' and horizontal passage 841/841' while communica- 
tion is blocked between vertical Inlet passage 84j/84j' 
and passage 841/841' and between vertical inlet passage 
84h/84h' and passage 841/841'. 

15 [0052] The cooling manifold is bonded directly to a 
separator plate on both the top and bottom of the man- 
ifold. The anode and cathode manifolds are bonded to 
a separator plate on the side of the manifold with the 
passages. The opposite side has a seal bonded to it 

20 which presses against the MEA or the opposing mani- 
fold. 

[0053] In each of the manifolds, and as best seen In 
Figure 18, the vertical passages h, i, and j (and h', i', 
and j' pass completely through the respective manifold 
25 section whereas the passage i/i' and the sub-passages 
m/m' are formed by removing the upper half of the thick- 
ness of the respective manifold section. 
[0054] Each shim or separator plate 86 has a rectan- 
gular configuration and is preferably formed of a metallic 
30 material such as stainless steel or titanium. Each shim 
86 includes a plurality of subsets of vertical passages 
86h, i, and j (and 86h', i', and j') along respective oppo- 
site longitudinal edges corresponding in size and spac- 
ing to the subsets of vertical passages in the cathode, 
35 anode, and cooling manifolds and in the MEAs. 

[0055] It will be understood that subsets of vertical 
passages h, 1, and j (and h', 1' and, j') in each of the man- 
ifolds, in the MEAs, and in the shims correspond in size, 
shape, and spacing and are vertically aligned to define 
40 a plurality of subsets of passageways IH, I, J (and H', i', 
and J') extending vertically through opposite edges of 
the fuel cell stack, and it will be further seen that the 
sizes of the passages h, i, and j (and h', i', and j') vary 
in accordance with the capacity requirements of the var- 
45 ious fluids being processed through these passages. 
Specifically, the passages j/j', which are intended to 
process cathode air, are relatively wide; the passages 1/ 
I', which are intended to process a cooling liquid, are 
relatively narrow; and the passages h/h', which are in- 
50 tended to process anode hydrogen, have an intermedi- 
ate width. 

[0056] Each cooling layer 88 is identical to the gas dis- 
tribution layers 78 and, specifically, includes a plurality 
of generally parallel segments 88a each extending from 
55 a first edge 88b of the layer to a second edge 88c of the 
layer whereby to define a plurality of generally parallel 
porous coolant paths extending across the fuel cell 
stack. 
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[0057] Collector plates 90 are of known configuration 
and construction and serve to collect cumulative elec- 
trical energy generated by the celts in the fuel cell stack 
for distribution to a suitable load such as the vehicular 
motor 64 in Figure 2. 

[0058] Insulator plates 91 serve to electrically isolate 
the end plates from the collector plates if the end plates 
are made from an electrically conductive material. If the 
end plates are not conductive, the insulator plates may 
be eliminated. 

[0059] End plates 92 serve to provide upper and lower 
plates for the fuel cell stack whereby a compressive load 
may be suitably applied to the stack (as, for example, 
by tie bolts or clamps) to ensure that a proper interface 
is maintained between all of the layers of the stack, to 
ensure proper distribution of fluids within the stack, and 
to ensure proper electrical conductivity within the stack. 
[0060] In the assembled relation of the various com- 
ponents of the stack, and as best seen in Figures 4 and 
6, a gas distribution layer 78 is positioned within each 
anode manifold 80; a gas distribution layer 78 is posi- 
tioned within each cathode manifold 82; a cooling layer 
88 is positioned within each cooling manifold 84; shims 
86 flank the cooling layers to preclude mixing of the re- 
actant gases and the cooling fluid while maintaining con- 
ductivity through the stack; the vertical passage subsets 
h, I, and j (and h', i' and j') in each of the layers are aligned 
to define subsets of vertical passageways extending up- 
wardly (H, I, and J) and downwardly (H', T, and J') 
through the stack on either side of the stack; each seg- 
ment 78a of each gas distribution layer Is positioned with 
its inlet end 78f in alignment with a respective sub-pas- 
sage 80m/82m of the respective manifold and with Its 
outlet end 78g in respective alignment with a sub-pas- 
sage 80m'/82m' of the respective manifold; each seg- 
ment 88a of each cooling layer 88 Is respectively aligned 
at Its Inlet end with a sub-passage 84m of the respective 
coolant manifold and at its outlet end with a sub-pas- 
sage 80m' of the respective coolant manifold, and the 
face of each gas distribution layer 78 remote from the 
adjacent MEA may be bonded to the confronting face of 
the adjacent shim 86. Bonding may be accomplished by 
sintering, brazing, or by using conductive adheslves. 
[0061] In operation, hydrogen is passed upwardly 
through the vertical passageway H, air Is passed up- 
wardly through the vertical passageway J, and a cooling 
fluid such as glycol/water mix, Freon, or methanol is 
passed upwardly through the vertical passageway I. 
[0062] The hydrogen passing upwardly through pas- 
sageway H is diverted at each anode manifold layer for 
passage through the horizontal passage 801 and the 
sub-passages 80m and thereafter through the respec- 
tive segments 78a to the outlet manifold strip where the 
hydrogen affluent passes through the sub-passages 
80m', the horizontal passage 80i', and downwardly 
through the passageway H' for delivery via the line 26 
to the combustor 42. As the hydrogen moves from the 
inlet ends of the segments 78a to the outlet ends, the 
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hydrogen is confined by the low porosity strips 78e es- 
sentially to the respective segments 78a so that little or 
no cross migration occurs between the parallel seg- 
ments whereby to ensure an essentially unifomri dlstri- 

5 bution of hydrogen across the surface of the underlying 
anode electrode 98 irrespective of unavoidable and sig- 
nificant variations in the porosity of the foam material of 
the foam media, whereby to maximize the generation of 
electrical energy occurring by virtue of the interaction 

10 between the hydrogen and the anode electrode. The 
gas flow distribution over the respective catalyst layers 
is essentially uniform since the resistance to flow is the 
total restriction along each segment and thus variations 
in porosity are averaged over the length of a segment 

15 rather than allowing a local perturtjation to effect the en- 
tire flow field. 

[0063] Simultaneously, cathode air Is passed upward- 
ly through passageway J and the upwardly moving cath- 
ode air is diverted at each cathode manifold layer by vir- 

20 tue of the open communication between the passages 
82j and the horizontal passage 821 whereby the air 
moves through horizontal passage 821 and through sub- 
passages 82m for passage through the individual foam 
segments 78a and subsequent discharge through the 

25 discharge passageway J' whereafter the oxygen deplet- 
ed air is collected via conduit 28 for suitable distribution 
in the manner previously described. Again, the low po- 
rosity strips 78e between the high porosity strips 78d 
serve to preclude cross migration of air between the ad- 

30 jacent strips and thereby ensure that a unifonn supply 
of air and oxygen Is distributed to all areas of the over- 
lying cathode electrode 1 00 whereby to maximize the 
generation of electrical energy created by the reaction 
of the air with the electrode 100 irrespective of the in- 

35 herent and signiftoant porosity variations in the foam 
material of the gas distribution layer. 
[0064] With respect to both the hydrogen and oxygen 
distribution, the narrow width of the strips 78e as com- 
pared to the segment 78d ensure that virtually all of the 

40 area of the respective M E A electrode will be exposed to 
the respective reactant gas with the result that electrical 
energy generation is maximized. And since reactant gas 
will diffuse Into the narrow divider strips 78e because 
they are porous, even the small electrode areas beneath 

45 the strips will generate electrical energy, whereby to fur- 
ther maximize the generation of electrical energy In the 
cell. 

[0065] Simultaneously, cooling fluid moves upwardly 
through passageway I and is diverted at each coolant 

50 manifold layer by virtue of the communication between 
the passages 84i and the horizontal passage 841 where- 
by the coolant flows through the sub-passages 84m and 
through the individual segments 88a of the coolant layer 
for collection at the outlet strip of the coolant manifold 

55 and downward discharge through passageway I' for 
suitable discharge or recycling. Again, the low porosity 
strips 88e between the high porosity strips 88d ensure 
a unifonn distribution of the cooling fluid over the adja- 



9 



EP 1 184 924 A2 



cent surfaces of the overlying and underlying shinns 
whereby to ensure unlfomn cooling of the total area of 
the adjacent cells. 

[0066] In the alternate gas distribution layer construc- 
tion seen in Figure 16, the foann layer 378 is selectively 
compressed at spaced Intervals to provide high density 
and low porosity regions 378a separating high porosity 
regions 378b. A plate 380 of conductive material is po- 
sitioned over the foam 378 with individual spaced con- 
volutions 380a of the plate respectively overlying the 
compressed low porosity regions 378a. and a shim or 
separator plate 382 ts positioned over plate 380 to de- 
fine transversely extending coolant path channels 384 
overlying the compressed regions of the foam layer 
This arrangement has the advantage of providing cool- 
ant passages at the same level as the gas distribution 
layer and thereby eliminating the need to provide a sep- 
arate layer and a separate manifolding to provide the 
cooling for the stack. 

[0067] The Invention will be seen to provide a fuel cell 
which Is lighter, smaller, and less expensive than the 
comparable prior art fuel cells without any sacrifice in 
the electrical energy outputted by the fuel cell. Specifi- 
cally, the substitution of a foam gas distribution layer, In 
place of the prior art metallic bipolar plate with its ser- 
pentine lands and channels, reduces both the weight 
and volume of the fuel cell. The ability of the foam gas 
distribution layer to distribute gas over essentially the 
entire area of the membrane, as opposed to only the 
area exposed to the grooves of the serpentine channels 
of the prior art bipolar plates, further allows the elimina- 
tion of the prior art graphite paper or cloth between the 
bipolar plate and the membrane since the gas distribu- 
tion function of this cloth is now satisfied by the foam 
layer and since the function of this cloth in preventing 
the membrane from collapsing into the channels and 
blocking the flow of gas is now satisfied by the foam 
since the span between the individual contact points 78 
between the foam and the membrane (as best seen in 
Figure 17) Is substantially less than the span between 
the land area separating the individual groove sections 
of the serpentine channels of the prior art. The elimina- 
tion of this cloth further reduces the volume and weight 
of the fuel cell and further reduces the cost of the fuel 
cell The bonding of the foam to the adjacent shim along 
one face of the foam layer in combination with the multi- 
point and total electrical contact between the other face 
of the foam layer and the ME A has the effect of lowering 
the contact resistance across the ceil with the result that 
the compressive loading required to maintain electrical 
conductivity through the cell is minimized and the size 
and strength of the end plates may be minimized with 
consequent savings in cost, weight, and volume. The 
reduction In the amount of compressive loading required 
also allows the use of lighter and less expensive mate- 
rials for the end plates such, for example, as a suitable 
plastic. In fact, utilizing the invention technology, a fuel 
cell stack has been constructed and tested which is sig- 



nificantly smaller, lighter, and less expensive than prior 
art fuel cells without reducing the electrical energy out- 
put level per unit area of fuel cell. 
[0068] While the invention has been described in con- 

5 nection with what is presently considered to be the most 
practical and preferred embodiment, it is to be under- 
stood that the invention is not to be limited to the dis- 
closed embodiments but, on the contrary, is Intended to 
cover various modifications and equivalent arrange- 

10 ments included within the spirit and scope of the ap- 
pended claims, which scope is to be accorded the 
broadest interpretation so as to encompass all such 
modifications and equivalent structures as Is permitted 
under the law. 

15 

Claims 



1 . A proton exchange membrane fuel cell comprising 
20 a proton transmissive membrane, a catalytic anode 

layer on one face of the membrane, a catalytic cath- 
ode layer on the other face of the membrane, and 
a gas distribution layer on each of the cathode and 
anode layers defining a gas flow field extending 
25 over each of the catalytic layers, the membrane, 
catalytic layers, and distribution layers fomiing a 
sandwich construction having first and second op- 
posite edges, characterized In that: 

30 each of the gas distribution layers comprises a 

conductive porous media divided into a plurality 
of generally parallel segments each extending 
from the first edge to the second edge of the 
sandwich construction, whereby to define a plu- 

35 rallty generally parallel porous reactant paths 

extending across each catalytic layer 

2. A fuel cell according to claim 1 wherein the porous 
media comprises a foam media. 

40 

3. A fuel ceil according to claim 2 wherein the foam 
media comprises an open cell foam media. 

4. A fuel cell according to claim 1 wherein: 

45 

each gas distribution layer comprises a sheet 
of the porous media; and 
the segments of each distribution layer are de- 
fined by spatially varying the resistance to gas- 
so ecus flow offered by the respective sheet. 

5. A fuel cell according to claim 4 wherein the resist- 
ance to flow is spatially varied by spatially varying 
the porosity of the respective sheet, 

55 

6. A fuel cell according to claim 4 wherein the resist- 
ance to flow is spatially varied by spatially varying 
the thickness of the respective sheet. 
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7. A fuel cell according to claim 4 wherein the resist- 
ance to flow is spatially varied by spatially varying 
the thickness and the porosity of the respective 
sheet. 

8. A fuel cell according to clainn 2 wherein the foam 
media comprises a conductive graphite foam me- 
dia. 

9. A fuel cell according to claim 2 wherein the foam 
media comprises a conductive metallic foam media. 

10. A proton exchange membrane fuel cell stack includ- 
ing a . plurality of stacked fuel cells, each fuel cell 
comprising: 

a proton transmissive membrane; 
a catalytic anode layer on one face of the mem- 
brane; 

a catalytic cathode layer on the other face of 
the membrane; and 

a sheet of porous material positioned against 
each catalytic layer, each sheet having inlet 
and outlet opposite longitudinal edges, and the 
resistance to gaseous flow offered by each 
sheet varying longitudinally along the sheet to 
divide the sheet into a plurality of generally par- 
allel segments extending from the inlet edge to 
the outlet edge of the sheet, whereby to define 
a plurality of generally parallel porous reactant 
paths extending across each catalytic layer. 

11. A fuel cell stack according to claim 10 wherein the 
fuel cell stack further includes a manifold stmcture 
including a manifold strip positioned along each of 
the inlet and outlet edges of the porous sheets of 
each fuel cell and operative to deliver a reactant gas 
to an inlet end of each segment of each sheet of 
each fuel cell and to receive a reactant gas from an 
outlet end of each segment of each sheet of each 
fuel cell. 

12. A fuel ceil stack according to claim 11 wherein: 



an inboard portion of each inlet strip proximate 
the inboard edge thereof defines a horizontal 
passage communicating with the inlet ends of 
the segments of the respective sheet; 

s certain of the inlet strips include passage 

means between one of the vertical inlet passag- 
es and the horizontal passage while blocking 
communication between the remaining vertical 
inlet passages and the horizontal passage, 

10 whereby to deliver a first reactant gas to the in- 

let ends of the segments of the respective sheet 
through the one inlet passage and the horizon- 
tal passage; and 

certain other of the inlet strips include passage 
IS means between another of the vertical infet 

passages and the horizontal passage while 
blocking communication between the remain- 
ing vertical inlet passages and the horizontal 
passage, whereby to deliver a second reactant 
gas to the inlet ends of the segments of the re- 
spective sheet through the other inlet passage 
and the horizontal passage. 

13. A fuel cell stack according to claim 12 wherein: 

the fuel cell stack further includes coolant lay- 
ers between at least certain of the fuel cells; 
an inlet manifold strip is positioned along an in- 
let edge of each coolant layer and an outlet 
manifold strip is positioned along an outlet edge 
of each coolant layer; and • 
the inlet manifold strip positioned along the inlet 
edge of each coolant layer includes passage 
means between a further vertical inlet passage 
and the horizontal passage while blocking com- 
munication between the remaining inlet pas- 
sages and the horizontal passage, whereby to 
deliver a cooling fluid to the coolant layer 
through the further inlet passage and the hori- 
zontal passage. 

14. A fuel cell stack according to claim 1 2 wherein each 
horizontal passage of each inlet strip is divided Into 
a plurality of horizontal sub-passages with each 
sub-passage aligned with and communicating with 
the inlet end of a respective segment. 

15. A fuel cell stack according to claim 12 wherein: 

each outlet manifold strip includes an outboard 
edge and an inboard edge positioned proxi- 
mate the outlet ends of the respective seg- 
ments; 

an outboard portion of each outlet strip proxi- 
mate the outboard edge thereof defines a plu- 
rality of serially aligned vertical outlet passages 
for receipt of respective fluids, including reac- 
tant gases, from the respective segments; 



the manifold structure includes an inlet mani- 45 
fold strip positioned along the inlet ends of the 
segments of each sheet of each fuel cell and 
an outlet manifold strip positioned along the 
outlet ends of the segments of each sheet of 
each fuel cell; so 
each inlet manifold strip includes an outboard 
edge and an inboard edge positioned proxi- 
mate the inlet ends of the respective segments; 
an outboard portion of each inlet strip proximate 
the outboard edge thereof defines a plurality of ss 
serially arranged vertical inlet passages for de- 
livery of respective fluids, including reactant 
gases, to the respective segments; 
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an inboard portion of each outlet strip proximate 
the inboard edge thereof defines a horizontal 
passage communicating with the outlet ends of 
the segments of the respective sheet; and 
certain of the outlet strips include passage 
means between one of the vertical inlet passag- 
es and the horizontal passage while blocking 
communication between the remaining outlet 
passages and the horizontal passages, where- 
by to exhaust a first reactant gas from the outer 
ends of the segments of the respective sheet 
through the horizontal passage and the one 
outlet passage. 

16. A proton exchange membrane fuel cell comprising 
a proton transmissive membrane, a catalytic anode 
layer on one face of the membrane, a catalytic cath- 
ode layer on the other face of the membrane, and 
a gas distribution layer on each of the cathode and 
anode layers defining a gas flow field extending 
over each of the catalytic layers, the membrane, 
catalytic layers, and distribution layers fomning a 
sandwich construction having first and second op- 
posite edges, characterized in that: 

each of the gas distribution layers comprises a 
conductive foam media. 

17. A fuel cell according to claim 16 wherein the foam 
media comprises an open cell foam media. 

18. A fuel cell according to claim 1 6 wherein: 

each gas distribution layer comprises a sheet 
of the foam media; and 

the segments of each distribution layer are de- 
fined by spatially varying the resistance to flow 
offered by the respective sheet. 

1 9. A fuel cell according to claim 1 8 wherein the resist- 
ance to flow is spatially varied by spatially varying 
the porosity of the respective sheet. 

20. A fuel cell according to claim 1 8 wherein the resist- 
ance to flow-is spatially varied by spatially varying 
the thickness of the respective sheet. 

21 . A fuel cell according to claim 1 8 wherein the resist- 
ance to flow is spatially varied by spatially varying 
the thickness and the porosity of the respective 
sheet. 

22. A fuel cell according to claim 16 wherein the foam 
media comprises a conductive graphite foam me- 
dia. 

23. A fuel cell according to claim 16 wherein the foam 
media comprises a conductive metallic foam media. 



24. A proton exchange membrane fuel cell stack includ- 
ing a plurality of stacked fuel cells, each fuel cell 
comprising a proton transmissive membrane, a cat- 
alytic anode layer on one face of the membrane, a 

5 catalytic cathode layer on the other face of the 
membrane, a gas distribution layer against each 
catalytic layer, and a manifold structure including an 
inlet manifold strip positioned along an inlet edge of 
each gas distribution layer of each fuel cell and an 

10 outlet manifold strip positioned along an outlet edge 
of each gas distribution layer of each fuel cell; char- 
acterized in that: 

each inlet manifold strip includes an outboard 
15 edge and an inboard edge positioned proxi- 

mate the inlet edge of the respective gas distri- 
bution layer; 

an outboard portion of each inlet strip proximate 
the outboard edge thereof defines a plurality of 
20 serially arranged vertical inlet passages; 

the inlet strips are arranged in stacked relation 
with the vertical inlet passages aligned to de- 
fine a plurality of serially arranged vertical inlet 
passageways corresponding to the serially ar- 
25 ranged vertical inlet passages; 

an inboard portion of each inlet strip proximate 
the inboard edge thereof defines a horizontal 
passage communicating with the inlet edge of 
the respective gas distribution layer; 
30 certain of the inlet strips include passage 

means between oneof the vertical inlet passag- 
es and the horizontal passage while blocking 
communication between the other vertical inlet 
passages and the horizontal passage, whereby 
35 to deliver a first reactant gas to the inlet edge 

of the respective gas distribution layer through 
the passageway corresponding to the one inlet 
passage and the horizontal passage; and 
certain of other of the inlet strips include pas- 
40 sage means between another of the vertical in- 

let passages and the horizontal passage while 
blocking communication between the remain- 
ing vertical passages and the horizontal pas- 
sage, whereby to deliver a second reactant gas 
45 to the inlet edge of the respective gas distribu- 

tion layer through the passageway correspond- 
ing to the other inlet passage and the horizontal 
passage. 

50 25. A fuel cell stack according to claim 24 wherein the 
fuel cell stack further includes coolant layers be- 
tween at least certain of the fuel cells; 

one of said inlet manifold strips is positioned 
55 along an inlet edge of each coolant layer In ver- 

tically aligned stacked relation with the inlet 
manifold strips positioned along an inlet edge 
of the gas distribution layers; and 
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the inlet manifold strip positioned along the inlet 
edge of each coolant layer includes passage 
means between a further vertical Inlet passage 
and the horizontal passage while blocking com- 
munication between the remaining inlet pas- 
sages and the horizontal passage, whereby to 
deliver a cooling fluid to the coolant layer 
through the passageway corresponding to the 
further inlet passage and the horizontal pas- 
sage. 

26. A proton exchange membrane fuel cell stack Includ- 
ing a plurality of stacked fuel cells: 

each fuel cell comprising: 



10 



the one inlet passage and the horizontal pas- 
sage; and 

certain other of the Inlet strips including pas- 
sage means between another of the vertical In- 
let passages and the horizontal passage while 
blocking communication between the remain- 
ing vertical passages and the horizontal pas- 
sage, whereby to deliver a second reactant gas 
to the inlet ends of the segments of the respec- 
tive sheet through the other Inlet passage and 
the horizontal passage. 



27. A fuel cell stack according to claim 26 wherein the 
fuel cell stack further includes coolant layers be- 
15 tween at least certain of the fuel cells; 



a proton transmlsslve membrane; 

a catalytic anode layer on one face of the 

membrane; 

a catalytic cathode layer on the other face 20 
of the membrane; and 
a sheet of foam material positioned against 
each catalytic layer, each sheet having in- 
let and outlet opposite longitudinal edges, 
and the resistance to gaseous flow offered 25 
by each sheet varying longitudinally along 
the sheet to divide the sheet into a plurality 
of generally parallel segments extending 
from the inlet edge to the outlet edge of the 
sheet, whereby to define a plurality of gen- 30 
erally parallel porous reactant paths ex- 
tending across each catalytic layer; 



one of said inlet manifold strips is positioned 
along an inlet edge of each coolant layer in ver- 
tically aligned stacked relation with the inlet 
manifold strips positioned along an Inlet edge 
of the gas distribution layers; and 
the Inlet manifold strip positioned along the inlet 
edge of each coolant layer includes passage 
means between a further vertical inlet passage 
and the horizontal passage while blocking com- 
munication between the remaining inlet pas- 
sages and the horizontal passage, whereby to 
deliver a cooling fluid to the coolant layer 
through the passageway corresponding to the 
further inlet passage and the horizontal pas- 



the manifold structure including an inlet mani- 
fold strip positioned along the inlet ends of the 35 
segments of each sheet of each fuel cell and 
an outlet manifold strip positioned along the 
outlet ends of each segment of each sheet of 
each fuel cell; 

each inlet manifold strip including an outboard 40 
edge and an inboard edge positioned proxi- 
mate the inlet ends of the segments; 
an outboard portion of each inlet strip proximate 
the outboard edge thereof defining a plurality 
of serially arranged vertical inlet passages for ^ 
delivery of respective fluids, Including reactant 
gases, to the segments; 
an inboard portion of each inlet strip proximate 
the inboard edge thereof defining a horizontal 
passage communicating with the inlet ends of so 
the segments of the respective sheet; 
certain of the inlet strips including passage 
means between one of the vertical inlet passag- 
es and the horizontal passage while blocking 
communication between the other vertical Inlet 
passages and the horizontal passage, whereby 
to deliver a first reactant gas to the inlet ends 
of the segments of the respective sheet through 
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(57) A proton exchange membrane fuel cell com- 
prising a proton transmissive membrane, a catalytic an- 
ode layer on one face of the membrane, a catalytic cath- 
ode layer on the other face of the membrane, and a gas 
distribution layer on each of the cathode and anode lay- 
ers defining a gas flow field extending over each of the 
catalytic layers. Each of the gas distribution layers com- 
prises a layer of open cell conductive foam material (78) 
which is divided into a plurality of generally parallel seg- 
ments extending from one edge of the fuel cell to an op- 
posite edge of the fuel cell whereby to define a plurality 
of generally parallel porous reactant paths extending 
across each catalytic layer. The segments may be de- 
fined by selectively varying the porosity of the foam ma- 
terial or selectively varying the thickness of the foam ma- 
terial. Reactant gases are delivered to the foam gas dis- 
tribution layers via a manifold structure (80,82) in which 
the reactant gases are moved upwardly along an edge 
of the fuel cell stack in parallel paths and selectively dis- 
tributed within the stack at the desired cathode or anode 
levels by selective baffling and partitioning structures. A 
coolant layer (88) may also be provided utilizing the 
same segmented foam construction utilized In the an- 
ode and cathode layers. The resultant fuel cell Is lighter, 
smaller, and less expensive than prior art ceils having 
comparable per surface area unit electrical energy out- 
put. 
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